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Summary Despite the finding of characteristic somatic mutations in the tumor tissue and efforts to identify risk
factors, the etiology of Ewing’s sarcoma (ES) is still unknown. ES is very different from other childhood bone cancers.
It rarely occurs in the black population and has no animal model. Recently studies indicate that ES may have a neural,
not mesenchymal, origin. It has a distinctive unimodal age-incidence peak at adolescence. Because its incidence
curve pattern has a striking resemblance to that of DES-related clear cell adenocarcinoma of the vagina, an in utero
exposure might be considered. Although in utero chemical and hormonal exposures have not been found to be
associated with ES in epidemiologic studies, we suggest that its etiology could be an in utero viral infection. We
hypothesize that the epidemiological characteristics of ES suggest an association with cytomegalovirus (CMV).
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Ewing’s sarcoma (ES) is a rare tumor of bone and soft
tissue that develops during childhood and adolescence
(1). Researchers suspect that it develops from neural
tissue (2). Despite continuing efforts to identify possible
risk factors, the etiology of ES is unknown. Genetic and
environmental factors have been evaluated, but no unify-
ing hypothesis explains the striking epidemiological fea-
tures of ES. In this paper we review the epidemiology of
ES and propose that cytomegalovirus (CMV) may play a
role in its development.

EWINGÕS SARCOMA

Epidemiology

ES is virtually absent in the black population (3).
Compiled case series reveal that ES patients are nearly all
white (96%) with only 1.8% black and 2.2% of other races
(1). Although no marked gender differences are apparent
for ES before age 10 or after age 30, males are more
frequently affected than females during adolescence.
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Unlike other bone cancers, there are no animal models (4,
and personal communication with Veterinary Medicine
Branch, AFIP). Differences in racial distributions and lack
of animal models has led to investigations in search of
genetic risk factors.

Genetic factors

Recently, ES was discovered to have a consistent somatic
chromosomal translocation, t(11;22)(q24;q12) (5). Many
childhood tumors with specific cytogenetic findings have
been associated with inherited syndromes or congenital
anomalies which have provided insight into the biologic
mechanisms of tumor development. Evidence for familial
clustering is sparse. ES has been reported in only two
pairs of siblings (6,7). Novakovic et al. (8) found an
increased risk of stomach and neuroectodermal 
tumors in relatives of ES patients, but this has not been
substantiated by further studies.

One report in the literature cites a case of Down’s
syndrome with ES (9) and Narod et al. (10) report 2 cases
of osteogenic imperfecta. However, other case-control
studies have not identified any consistent link with inher-
ited syndromes or medical conditions. There have also
been some case reports of skeletal and genitourinary
anomalies in patients with ES (11), but the small number
of cases may have occurred by chance. Recently, we
found an excess number of inguinal hernias in patients
treated at the National Cancer Institute Pediatric Branch
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(12). These data strengthen the evidence for a consistent
association with inguinal hernias, previously reported by
others (3,13,14), but the biological basis for this finding
remains unclear. Although specific medical conditions
have not been consistently found in association with ES,
some patients in our NIH study (11) had sensorineural
hearing loss years prior to diagnosis. One patient each
had prune-belly syndrome, Epstein malformation of the
heart, and congenital cataracts.

Environmental factors

In addition to genetic factors, researchers have investi-
gated the possible role of various environmental agents
in the development of ES. Although ionizing radiation
and alkylating chemotherapeutic drugs are known causes
of soft tissue sarcomas and bone cancers, notably
osteosarcomas (15), no excess risk has been noted for ES.
Two case-control studies reported an increased risk of ES
among children whose fathers were employed in agricul-
ture or had pesticide exposure, but subsequent studies
reported conflicting results (16–19). Prior studies have
also investigated different prenatal risk factors for ES, but
without success (16,17,19,20).

Apparently, most patients with ES were normal,
healthy newborns and their mothers were in good health
during their pregnancies. In an NCI study (11), three
mothers of ES patients reported severe illnesses during
their pregnancies: one had ‘mumps’, one had ‘German
measles’ and one had a ‘mono-like’ illness which resulted
in a congenital cataract and opsoclonus in her child.
Although most studies have been negative for in utero
exposures, the theory that an intrauterine exposure to an
environmental agent might subsequently lead to cancer
in teenage years would be a good model for ES. This
latency pattern has been seen before with clear cell
vaginal adenocarcinoma due to an in utero exposure to
diethylstilbesterol (DES) (21). Both these tumors have a
characteristic unimodal age peak during adolescence,
rarely occurring before age 3 or after age 30. Although no
chemical agents or maternal medications have been con-
sistently linked to ES, infectious agents have been less
well studied.

Infectious agents

In Sweden, 1974, Larsson et al. did not find any temporal-
spatial variation of Ewing’s sarcoma to suggest an infec-
tious cause (22). However, the hypothesis that ES is
caused by an oncogenic virus of farm animals was postu-
lated in the reports of ES in six individuals living in rural
area of Australia (23) and two brothers living in rural
Spain (24). Daurgaard et al. (25) proposed that EBV might
be associated with ES, but they were unable to detect
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viral DNA in tumor tissues from seven patients with the
disease. We are considering a viral etiology for ES for
several reasons.

Viruses seem to be involved in about 15% of all can-
cers (26). Burkitt’s lymphoma, Kaposi’s sarcoma, cervical
cancer and hepatocellular carcinoma have all been linked
to viruses. Of all possible cancer-causing viruses, the
herpesviruses are known for their oncogenic potential
Tying together information from case reports, case series,
population studies, and case-control studies, we propose
that the oncogenic herpesvirus CMV could be causally
linked to the development of ES.

Cytomegalovirus

CMV is a herpesvirus. The herpesvirus family is well
known for its oncogenic potential. Herpesviruses infect
lymphoid cells. They can persist in a latent stage and
reactivate at a later time. Currently CMV is not known to
be associated with any cancers, but it has been investi-
gated as the causal agent of several, including Kaposi’s
sarcoma (27).

CMV is the most common virus associated with con-
genital and perinatal infections, affecting 1% of newborns
worldwide (28). Primary and secondary infections in both
pregnant women and infants typically are asymptomatic.
If a pregnant woman were symptomatic, her illness might
resemble that of infectious mononucleosis or hepatitis.
As in other intrauterine infections, severely affected
infants are born premature. These infants may have
features of hepatosplenomegaly, intrauterine growth
retardation, seizures, hydrocephalus, and platelet abnor-
malities. Rare, but clinically striking cases may also have
either congenital cataracts or a type of eye movement
disorder, optikinetic ophthalmus. No evidence indicates
that CMV is teratogenic (causing major organ malforma-
tions). CMV has been associated, however, with inguinal
hernias, tooth enamel defects, and first branchial arch
anomalies, and other congenital anomalies (29–31).
Inguinal hernias associated with CMV have been
reported in sets of siblings (32,33). A recent case report
suggested that CMV had induced prune-belly syndrome
in two infants (34). The most common handicap caused
by congenital CMV infection is a permanent sensori-
neural hearing loss that usually is not detected until
late childhood (30). Congenital CMV also may cause
bone defects, including rarefaction of the long bones,
especially the femur and tibia (35). Rarey et al. (36)
reported that extensive bone damage following congenital
CMV was still evident 14 years after birth.

A viral hypothesis for Ewing’s sarcoma

We hypothesize that ES may be causally related to an in
utero infection with CMV. The infection is a common
© 2000 Harcourt Publishers Ltd
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Table 1 Features of congenital CMV and Ewing’s sarcoma

Congenital CMV Ewing’s sarcoma

Racial distribution White infants, rare in blacks White, rare in blacks
Age distribution Primary infection or reactivation of Adolescence

latent infection in mother
Animal model Human species-specific Humans only
Target tissues Nervous system Neural (postulated)
Reported anomalies Inguinal hernia Inguinal hernia (4 studies)

Cataract Cataract (2 studies)
Microphthalmia, strabismus Microphthalmia, strabismus (1 study)
CNS anomalies Microcephaly, serizures, hydrocephalus (1 study)
Sensorineural hearing loss* Sensorineural hearing loss (1 study)
Bone lesions (rarefaction of long Bone lesions–dysplasias, bone cysts (3 studies)
bones, skull densities)
Intrauterine growth retardation Low birth weight (1 study)
Cardiac defects

Genitourinary defects cryptorchidism (2 studies)

* Most common manifestation of congenital CMV (31).
one; ES could be a rare sequel. The association would be
similar to the association of an intrauterine exposure to
DES with the rare outcome of adenocarcinoma of the
vagina arising in adolescence. Both tumors peak at
adolescence.

CMV and ES share three main epidemiological
features: (A) Humans appear to be the only hosts for
CMV. ES occurs only in humans, species-specific. (B)
Severe primary congenital CMV infections are more likely
to occur in white infants than in black infants. Black and
Asian populations acquire CMV immunity at very young
ages, while whites acquire immunity much later.
Seropositivity for CMV is high among pregnant black
women and low among pregnant white women.
Therefore, white infants are more likely to have severe
primary infections due to the lack of passive immunity
from their mothers. This agrees with the finding that ES is
virtually non-existent in blacks (3). (C) CMV affects
mostly neural tissues. Although congenital CMV may
cause multi-system disease, the most frequent disease
appears in the nervous system. This would be consistent
with a neural origin for ES. In addition CMV affects bone
tissue, the usual site of ES. Inguinal hernias associated
with CMV have been found in more than one child in the
family and this has also been reported for ES.

Other rare but striking clinical features of congenital
CMV were observed in some of our patients who had ES.
These include inguinal hernias in both female and male
patients, sensorineural hearing loss, prune-belly syn-
drome, and congenital cataracts. Together, they might
provide supportive evidence for a role of CMV in ES. For
such a devastating disease, and with so few etiological
leads to follow, we feel that this hypothesis for ES
warrants further study with viral testing of tumor tissue
for CMV.
© 2000 Harcourt Publishers Ltd
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